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The contents of this report reflect the views of the authors, who are responsible for
the facts and the accuracy of the data presented herein. The contents do not necessarily
reflect the official views or policies of the Washington State Transportation Commission,
Department of Transportation, or the Federal Highway Administration. This report does

not constitute a standard, specification, or regulation.
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1.0 INTRODUCTION

Geotextiles are becoming more commonly used in roadway construction due to their
versatility, construction efficiency, and most importantly cost effectiveness.
Geotextiles can improve the performance of a pavement system primarily by
separating the aggregate base course from a weaker, finer-grained subgrade.
Geotextiles also perform secondary functions which include filtration, drainage, and
reinforcement. To perform effectively, the geotextile must survive the construction

process as well as accommodate the intended long-term (vehicle) loading conditions.

Although geotextiles have been used as separators in roadways for many years, only
recently have state and federal agencies attempted to specify guidelines for their use
(Holtz, 1996). Many of these agencies, including the Washington Department of
Transportation (WSDOT), have developed construction specifications for geotextile
separators based on the American Association of State Highway and Transportation
Officials, the Associated General Contractors, and the American Road and
Transportation Builders Association (AASHTO-AGC-ARTBA) Task Force 25 (1989)
recommendations. Current information establishing the performance of geotextile

separators using this criteria is limited, warranting the need for further research.

This report represents the second phase of a full scale field and laboratory study
conducted to investigate the influence of different geotextiles on the long-term
performance of a pavement system. Specifically, the study examines the influence of
five different geotextiles installed in a test road section. Although the primary
purpose of the study was to investigate the long-term geotextile performance, some
conclusions about the short-term performance are also made. The findings of the
study are compared with current WSDOT and Federal Highway Administration

(FHWA) specifications and design methods for geotextile separators.



2.0 PROJECT BACKGROUND

The test site is located approximately 32 km south of Olympia on SR-507 in Bucoda,
Washington, as shown in Figure 2.1. The test road section consists of a two-lane
highway with asphalt pavement. At the test location, the highway runs in the
northeast-southwest direction, however the highway generally runs north-south, thus
the traffic lanes are termed northbound and southbound in this study. The topography
of the roadway generally slopes down at a gradient of 4.4 percent in the northeast

(northbound) direction.

The Phase I study (Tsai et al., 1993) was coordinated with reconstruction performed
at the test site by WSDOT in June, 1991. Prior to the roadway repairs, the test site
had a long history of poor pavement performance which included significant rutting
and fatigue (alligator) cracking. The poor pavement performance in conjunction with
the soft subgrade soils and seasonally high groundwater table made the site ideal for

application of geotextile separators.

As part of the study, five different geotextiles and a control section were installed in
each lane. The length of each test section was 7.62 m, as shown in Figure 2.2. The
properties of the geotextiles used in the study are summarized in Table 2.1. The
initial thickness of aggregate placed over the geotextiles was designed to be 150 mm
in the northbound lane, and 300 mm in the southbound lane. The total thickness of
aggregate was designed to be 450 and 600 mm, respectively, in the north and
southbound lanes, although these thicknesses were found to vary as much as 150 mm
throughout the test section. A large steel drum roller was used without vibration for
compaction. Also, water was sprayed on the base course by a water truck to aid in

obtaining better compaction results.
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Table 2.1 - Geotextile properties. Source: Geotextile Fabrics Report (GFR),
December 1990.

Mass per
Polymer| Thickness | Unit Area | Permitt. AOS
Geotextile Structure | Type | mm (mils) glm2 (oz/ydz) (sec’)) | mm (US Sieve)
HB - Reemay Inc. 3401 [nonwoven| PP [0.4 (17)®"| 132 (3.9) 0.1 0.21 (70)
NP4 - Polyfelt TS500 |[nonwoven| PP 1.5 (60)* 152 (4.5)* 2.7 0.18-.30 (80-50)
NP6 - Polyfelt TS600 |nonwoven| PP 2.0(80)* | 214 (6.3)* 2.1 0.15-.21 (100-70)
NP8 - Polyfelt TS700 |nonwoven| PP | 2.6(105)* | 280 (8.3)* 1.6 0.125-.18 (120-80)
SF - Exxon GTF 300 woven PP 0.5(19.5) | 240 (7.0" 0.1%* 0.30 (50)
Wide Width Strength/Elongation Grab Tensile/ Puncture Trapez. Tear
MD XD Elongation Strength
Geotextile | kN/m (Ib/in.)/% | kN/m (1b/in.)/% kN (1b)/% kN (Ib) kN (Ib)
HB 6.1 (35)/45 7.0 (40)/50 0.578 (130)/60 | 0.178 (40) 0.267 (60)
NP4 8.8 (50)/80* 7.0 (40)/50* 0.489 (110)/50 | 0.267 (60) 0.222 (50)
NP6 12.3 (70)/95* 10.5 (60)/50* 0.667 (150)/50 | 0.335 (75) 0.311 (70)
NP8 15.8 (90)/95* 14.0 (80)/50* 0.911 (205)/50 | 0.445 (100) 0.380 (85)
SF 30.6 (175)/15°2 | 30.6 (175)/15°2 | 1.334 (300)/20 | 0.645 (145) | 0.511 (115)

All values reported as minimum average roll values (MARV) unless noted

* Typical values

PP = polypropylene
®1 Source: December 1991 GFR -- Data not reported in December 1990 GFR
2 Source: December 1992 GFR -- Data not reported in December 1990 GFR
™ From packaging label

To investigate the soil and groundwater conditions at the test site prior to the

remediations, WSDOT performed several subsurface explorations along the test road

section in April and May of 1991. The explorations consisted of borings with

standard penetration tests in addition to portable penetrometer tests that were

performed using hand-operated equipment. The penetrometer test data was correlated

to standard penetration test values. The field logs from these explorations in addition

to some laboratory testing results from WSDOT are provided in Appendix A.

According to the field logs, piezometers were also installed in three borings.

However, the only piezometer (plastic standpipe) encountered during the field

investigation for this study was adjacent to the northbound lane at station 178+00, as

discussed later.




3.0 OBJECTIVE AND SCOPE OF WORK

3.1 Obijective of the Study

The primary objective of the study was to investigate the influence of different
geotextiles on the long-term perforfmance‘ of the test road pavement system. The

" results are intended to aid WSDOT in the cost-effective selection and specification of
these products. This research represents the first post-construction investigation to be
carried out at the Bucoda Test Site. The overall approach was primarily forensic in

nature.

3.2 Scope of Work

To accomplish the research objective, the project was separated into seven tasks:

1. Literature review

Field work plans

FWD and pavement condition survey
Field investigation

Laboratory testing

Evaluation of field and laboratory results

A U

Report

In Task 1, the previous work on the Bucoda Test Site was reviewed (Savage, 1991,
Tsai and Savage, 1992, and Tsai et al., 1993) in addition to other geotextile separator

studies, particularly those performed by Holtz and Page (1991) and Metcalfe and



Holtz (1994). A search of other relevant publications was also conducted and is

summarized in Section 4.0.

Task 2 included developing the field investigation procedures. Investigation
procedures used by Holtz and Page (1991) and Metcalfe and Holtz (1994) were
reviewed so that the field investigation could be as efficient as possible. The planned
field work was coordinated with the WSDOT maintenance crew, which provided the
materials and services necessary for the pavement cutting, soil excavation, and

backfill and patching operations, as well as traffic control services.

For Task 3, WSDOT crews performed FWD tests at each different geotextile location
in the test section for comparison with previous FWD tests in the test section. The

pavement condition survey was performed during the field investigations.

The field investigations were carried out in Task 4. The field procedures included
“establishing the test pit locations, cutting the pavement, exhuming and replacing the
geotextiles, performing in-situ soil tests, collecting representative soil samples, taking
photographs, backfilling the excavations, and patching the pavement. The exhumed
samples were taken to the University of Washington laboratories for further testing,

Task 5.

Task 6 included analyzing the results of the field and laboratory tests in the context of
the results developed in Task 1 (literature review) and the original objectives of the
Bucoda Test Site research. The findings, conclusions, and recommendations of the

study are presented in this report, Task 7.



4.0 STATE OF THE ART AND PRACTICE

This section presents the results of the literature review and summarizes the results of
the Phase I research. Current WSDOT and FHWA specifications and design methods

are also presented.

4.1 Literature Review Results

The following sections outline the functions of geotextiles used in roadway
applications including separation, filtration and drainage, and reinforcement. Case
studies describing fines migration and subgrade consolidation observations are
described. Survivability and durability issues are also discussed. The literature
review mainly focuses on research literature published since the completion of the
reports of Metcalfe and Holtz (1994), Holtz and Page (1991), and Tsai (1995).
Metcalfe and Holtz (1994) and Tsai (1995), in particular, provide fairly

comprehensive reviews of research literature published prior to their studies.

4.1.1 Separation

Koerner (1994) defines geotextile separation as “the introduction of a flexible,
porous textile placed between dissimilar materials so that the integrity and
functioning of both materials can remain intact or be improved”. In other words,
geotextile separators prevent intrusion of fine-grained subgrade soils up into the base
course soils. This is important because the strength of the base course soil can be
significantly decreased by only a small amount of fines (Holtz et al., 1995). Thus,

geotextile separators improve the performance of a pavement system by maintaining



the design thickness of the pavcﬁlent system. As such, the primary function of

geotextiles used in roadway applications is separation.

Several full scale field studies have been performed to evaluate the
performance of geotextile separators (Brorsson and Eriksson, 1986; Bonaparte et al.,
1988; Holtz and Page, 1991; Metcalfe and Holtz, 1994; to name a few). By and large,
researchers have concluded that geotextile separators have performed effectively
throughout a variety of subgrade soil and construction conditions. Some researchers
were even pleasantly surprised by the effectiveness of some geotextile separators after
discovering that significant amounts of damage occurred to the geotextiles during
construction. In fact, no documented case history involving the complete failure of a
pavement system due to the poor performance of a geotextile separator could be J

found.

4.1.2 Filtration/Drainage

Filtration and drainage are secondary functions of geotextile separators. The
geotextile must act as a filter by preventing subgrade soils from migrating up into the
base course due to the high pore pressures induced by wheel loads. It must also act as
a drain, allowing the excess pore pressures to dissipate through the geotextile and the

subgrade soils to gain strength by consolidating (Holtz et al., 1995).

Filtration and drainage can be impeded by blinding, clogging, and caking, as
illustrated in Figure 4.1. Blinding is defined as the blockage of pore openings on the
bottom surface of the geotextile, and can occur immediately when the geotextiles are
placed on the subgrade. Clogging is defined as the entrapment of soil particles within
the pore structure of the geotextile. Caking is the deposition of soil particles on the

top surface of the geotextile. Blinding and clogging are primarily attributed to the
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subgrade soil particles, while caking may result from the migration of subgrade fines
through the geotextile or the settling of fines from the base course soils. Similar

definitions of blinding, clogging, and caking were used by Metcalfe and Holtz (1994).

GEOTEXTILE

.........

Bottom Surface
BLINDING CLOGGING

SUBGRADE

Figure 4.1 - Illustration of blinding, clogging, and caking (reproduced from Metcalfe
and Holtz, 1994). ' '

4.1.3 Migration of Fines Into Base Course Soils

A variety of field studies have generally found no evidence of significant
migration of subgrade fines through geotextiles into the base course soils (Brorsson
and Eriksson, 1986; Bonaparte et al., 1988; Holtz and Page, 1991; Metcalfe and
Holtz, 1994). Conversely, laboratory tests and numerical analyses by Alobaidi and
Hoare (1996) indicates that geotextiles may not be effective in controlling the
migration of fines under dynamic loading conditions; they cite other research that

supports their findings (Ayres, 1986; Bell et al., 1981; Yang and Yu, 1989).

Metcalfe and Holtz (1994) exhumed geotextile separators at fourteen different
sites in western Washington. Three of the six exhumed woven slit-film geotextiles
were found to contain some caked fines on the surface of the geotextile; however, it

could not be determined if the fines had migrated through the geotextile, or if the
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fines had settled from the base course aggregate. It is interesting to note that only one
of the three geotextiles containing the caked fines failed the Task Force 25 (1989) and
FHWA (Holtz et al., 1995) retention criteria for apparent opening size (AOS).
Several of the other geotextiles also failed the retention criteria, but no evidence of

caked fines was observed at these locations.

Rowe and Badv (1996) performed laboratory tests to compare the retention
capabilities of an exhumed nonwoven geotextile, granular graded filter, and no filter
at all. They found that the geotextile and.graded granular filter were about equally
efficient in minimizing the intrusion of a clayey till into a uniformly graded gravel. In
the absence of a filter-separator, a significant amount of fines intruded into the stone
layer. However, their tests probably do not accurately model the conditions of a
realistic pavement structure because the tests did not include dynamic loading effects.

The loading conditions consisted of a static force applied for one to two weeks.

As indicated above, Alobaidi and Hoare (1996) performed laboratory tests and
numerical analyses to evaluate the migration of fines through geotextiles into a base
course layer; pore water pressures were also examined. They concluded that
geotextiles do not reduce the cyclic deformation and cyclic pore pressures within a
subgrade. By contrast, they found that geotextiles allow for quick dissipation of the
cyclic pore pressure during the time of a loading cycle, thereby causing erosion of the
subgrade surface and an upward movement of the eroded particles. In addition, they
concluded that high permeability geotextiles cause more pumping because they allow
quicker dissipation of cyclic pore pressure. Also, thick geotextiles reduced the critical
hydraulic gradient at the boundary of the contact area between a base particle and

subgrade soil and therefore reduced fines migration.

Some of the conclusions of Alobaidi and Hoare (1996) may be questionable

because it appears their numerical model used to predict pore pressures did not
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realistically model the geosynthetic. The subgrade and geotextile were assigned the
same elastic moduli; therefore, the geotextile would have little influence on the
response of the subgrade soil. If a higher modulus was assigned to the geotextile, the
stress distribution in the subgrade would presumably change, altering the pore water
pressures. It should be noted, however, that their paper did not include details of their
numerical analysis (e.g. it is unknown if failure criteria were assigned to the soil or

geotextile).
Tsai (1995) found no evidence of fines migration through geotextiles

subjected to dynamic loading in a laboratory model. He also provides an excellent

summary of other laboratory tests conducted to evaluate fines migration.

4.1.4 Consolidation of Subgrade

The literature review revealed that information concerning the consolidation
of the subgrade underlying geotextile separators is very limited. Detailed
examinations of the rate and/or magnitude of subgrade consolidation were not

reported in any of the full scale field studies reviewed.

General observances of subgrade consolidation for a full scale study were
made by Brorsson and Eriksson (1986) who state that during installation of nine
different geotextiles “it was impossible to walk on the subgrade material without
sinking down half the height of one’s wellingtons”. In excavations made five and ten
years later, the subgrade was found to be firm, dry and well consolidated at all the test
pit locations. Bonaparte et al. (1988) also found that the subgrade underlying
geotextile separators at seven different sites had compressed or consolidated since the

geotextiles were installed, 1 to 12 years prior.



18

Evidence of subgrade consolidation was also found by Metcalfe and Holtz
(1994). At the time of their field investigation, the subgrades were generally found to
be firm at all test pit locations. However, construction records at several of the test
sites indicated that soft subgrade conditions existed at the time the geotextiles were
installed. During their exhumations, ruts in some of the subgrades were also observed

indicating that soft soil conditions preexisted.

4.1.5 Reinforcement

Reinforcement is also a secondary function of geotextile separators. The
reinforcing effects are most pronounced in weak subgrades where loading causes
deformations (rutting) in the subgrade to develop the tensile strength of the
geosynthetic. Holtz et al. (1995) state that geogrids and geotextiles provide

reinforcement through three possible mechanisms:

1. Lateral restraint of the base and subgrade through friction and interlock between
the aggregate, soil, and the geosynthetic.

2. Increase in the system bearing capacity by forcing the potential bearing capacity
failure surface to develop along alternative, higher shear strength surfaces.

3. Membrane support of the wheel loads. In this case, the wheel load stresses must
be great enough to cause plastic deformation and ruts in the subgrade. To
mobilize the tencile stresses in the geosynthetic, the wheel path rutting must be in

excess of 100 mm.

Holtz et al. (1995) state that geosynthetics provide reinforcing functions when
the subgrade CBR< 1, and possibly provide reinforcement when the CBR ranges from

1 to 2. The geosynthetics do not provide reinforcing functions when the CBR is
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greater than 2 to 3. Further, they suggest that geosynthetics are not effective in most

highway construction cases where the subgrade CBR exceeds a value of 3.

Geogrids are used in roadway applications where soft subgrade soils are
present almost solely for their reinforcing capabilities. Collin et al. (1996) performed
a full scale load test to evaluate the reinforcing effects of two different geogrids.
They concluded that it was conservative to estimate that the geogrids tested would
increase the pavement life 2 to 4 times with respect to unreinforced pavements, and
for flexible pavements constructed on subgrades with a CBR of 3 and with base

course thicknesses between 175 and 300 mm.

A similar study was performed by Austin and Coleman (1993) who conducted
a full scale field test on an unpaved haul road to evaluate the effectiveness of six
geosynthetics (1 woven, 4 geogrids, and 1 nonwoven/geogrid combination) as the
primary reinforcement in aggregate layers placed over very soft subgrades (CBR<1).
Trafficking tests indicated that the reinforced sections could sustain 2 to 3 times more
equivalent single axle loads (ESAL) than the unreinforced sections, based on rutting
criteria. The combined use of a geogrid and nonwoven geotextile was found to have

the best performance.

Similar results were found by Fannin and Sigurdsson (1996) who also
conducted a full scale field test on an unpaved road with a subgrade CBR ranging
from 1 to 2. Geotextiles outperformed geogrids when very thin base course layers
were used, and separation was critical. Geogrids, on the other hand, outperformed
geotextiles when thicker base course layers were used. From laboratory tests, Nishida
and Nishigata (1994) also concluded that reinforcement is a primary function when
the ratio of the applied stress on the subgrade soil to the shear strength of subgrade

soil (a/c,) is high; separation is most important when the ratio is low.



4.1.6 Numerical Modeling of Reinforcement

15

The reinforcement mechanism has been examined by some researchers using

numerical formulations. However, assumptions of the constitutive relations, failure

criterion, stress distributions, and geotextile anchorage and membrane effects

incorporated into the models vary considerably. A few numerical models are

summarized below to illustrate this point.

Table 4.1 - Summary of numerical model parameters.

Purpose of Numerical Soil Models Geosynthetic
Model Development Scheme (Constitutive Relat.) Models
Bourdeau Eval. membrane FD Iteration, | Base: Theory of Elastic, unbounded
(1991) effect of 2 layer 2D plane stochastic stress strength;
soil system strain distrib. in particulate Full & partial
media. anchorage consid.
Subgrade: Winkler w/ M-C slip criteria
Model
Dondi Eval. reinf. FE, 3D field | Bituminous: Elastic Elastic; friction at
(1994) effect Base: Drucker-Prager interface M-C
in paved system Subgrade: Cam-clay elasto-plastic
w/ single reinf.
layer
Helwany Long term eval. Time All soils: Sekiguchi- Nonlinear visco-
and Wu of GRS struct.; marching FE, | Ohta (mod. anisotropic | elastic; no slippage
(1995) can be used for 2D Cam-clay) at soil/geosynthetic
walls interface

Note: FD = Finite difference, FE = Finite element, M-C = Mohr-Coulomb

The literature search indicates that rather sophisticated models have been

developed to investigate the reinforcement mechanism. However, a model evaluating

the effect that the redistribution of stress (due to the presence of a geosynthetic) has

on the consolidation of a soft subgrade could not be found.
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4.1.7 Survivability

Survivability is the ability of geosynthetics to resist damage during
installation, road construction, and initial operations. To perform its intended
function, the geotextile must survive the construction operations (Holtz et al., 1995).
The stresses applied to the geotextile during initial construction are likely the highest
mechanical stresses the geotextile will be exposed to. Therefore, survivability is one

of the most important design and selection considerations.

The level of damage a geosynthetic incurs during installation is largely a
function of the severity of the stresses imposed on the geosynthetic from the elements
of construction (i.e. weight and type of compaction equipment, initial lift thickness,
aggregate characteristics, subgrade preparation, and subgrade shear strength). Task
Force 25 (1989) provides a rating system of construction survivability based on

anticipated construction conditions, discussed in more detail in Section 4.4.

After exhuming 75 geosynthetics from 48 different sites, Koerner and Koerner
(1990) found that as the survivability condition (rating) became more severe, the
installation damage to the geotextiles increased yielding greater reductions in the
retained strength. They also found that low mass per unit area geotextiles suffered the

greatest strength reductions and number of holes.

As one might expect, the degree of geosynthetic damage increases with
increasing intensity of compaction effort (Watts and Brady, 1994). Several
researchers (Metcalfe and Holtz, 1994; Paulson, 1990; Sandri et al., 1993; Rainey and
Barksdale, 1993) have found that base course aggregate type has a significant
influence on the degree of installation damage, maybe more so than the initial lift

thickness.
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For consideration of installation damage in design, Allen and Bathurst (1994)
provide a summary of more than 3500 index tensile load-strain tests performed on 55
different geosynthetic reinforcement products in site damaged and undamaged
condition. The study compares the peak ;strength, strain at failure, and modulus of
control and damaged specimens. The compilation of data can be used as a
preliminary guide to reconstruct index load-strain curves for damaged specimens at a
pre-selected level of strength loss using index load-strain curves for undamaged
specimens. Strength loss criteria can be related to survivability conditions as

described by Allen (1991) to establish the preselected strength loss level.

4.1.8 Durability

Ingold (1988) indicates the definition of durability “is generally understood to
mean the ability of the geotextile to maintain its integrity, and a high degree of initial
- mechanical performance, over a long period of time when subjected to its operational
environment”. Potential degradational processes affecting geosynthetics are outlined
by Koerner (1994); these include temperature, oxidation, hydrolysis, chemical,
radioactive, biological, and sunlight (ultraviolet) degradation. Allen (1991) also

provides a comprehensive review of current durability issues.

After installation, reductions in the strength and stiffness of geotextiles are not
directly affected by temperatures in most geotextile applications, as generally only
extreme temperatures influence the geotextile properties. The melting points of
polyethylene, polypropylene, and polyester are 125, 165, and 250 °C, respectively.
Temperatures indirectly affect the geotextile properties by helping to accelerate other

degradation processes such as oxidation, hydrolysis, chemical, biological, etc.
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Thermo-oxidation of polymers causes a deterioration of physical properties
including decreased molecular weight, discoloration of the polymer, and decreased
mechanical strength (Kelen, 1983). Polyolefins (which include polypropylene and
polyethylene) are considered to be the most susceptible to oxidation, although oxygen
can react with all types of polymers causing degradation. In short, the oxidation
process occurs through a series of consecutive free radical reactions. Hydroperoxides
are formed which branch into free radicals which produce further radical reactions
(Kelen, 1983). The rate of the oxidation reaction is significantly affected by
temperature. The Arrhenius relationship, used by many researchers, indicates that
higher temperatures increase the rate of the oxidation reaction exponentially (Allen,
1991). The presence of certain transfer metals, such as iron, manganese, and copper
has a catalyzing effect on the oxidation reaction by allowing the branching reactions
to occur at lower temperatures (Wisse, 1988). To mitigate oxidation, antioxidants can

be added to the polymers during their manufacturing.

Hydrolysis is the scission of long chain linear molecules by “absorption” of
water molecules resulting in a decrease in molecular weight (Risseeuw and Schmidt,
1990; den Hoedt, 1989). Polyester geotextiles are most susceptible to hydrolysis,
particularly when exposed to high levels of acidity or alkalinity (Koernef, 1994).
Hydrolysis in high alkaline media however, is considered to be more severe than in
highly acidic environments (Risseeuw and Schmidt, 1990). Polypropylene is
considered highly stable against hydrolysis (Schneider, 1989; Mathur et al., 1994).

Information regarding polymer reactions with specific chemicals can generally
be obtained from the manufacturers, although ASTM D 543 does provide a method to
evaluate the resistance of plastics to chemical reagents. Koerner (1994) also states
that ASTM Committee D-35 has developed a protocol for laboratory (ASTM D5322)
and field (ASTM D5496) chemical degradation assessments by immersion

procedures. Radioactive degradation is considered to be of concern only where
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geosynthetics are exposed to very high levels radiation, such as nuclear waste sites,
although this concern is somewhat speculative due to the lack of research in this area

(Koerner, 1994).

Where present, biological forms may degrade filtration and drainage
characteristics of geotextiles by growing within the geotextile structure. The polymer
filaments may be jeopardized if microorganisms, bacteria, or fungi use the polymers
as feedstock, although this is considered to be very unlikely (Koerner, 1994). Allen’s
(1991) research suggests that biological degradation (by consummation) is not a
problem for high molecular weight polymers commonly used for geosynthetics,
although low molecular weight polymers and some polymer additives may be

susceptible.

Geosynthetics, particularly polypropylene products, lose significant strength
and stiffness when exposed to ultraviolet (UV) light via photo-oxidation. More
specifically, UV-B causes severe polymer degradation, while UV-A causes less
damage. The intensity of the UV light depends on the season, temperature,
geographic location, cloud cover, and moisture (Koerner, 1994). The best way to
mitigate UV degradation is to limit exposure. Photostabilizers, such as carbon black,
can also be added during manufacturing to the protect the polymers (polyolefins).
When assessing UV resistance, Cazzuffi et al. (1994) indicate that the geometrical
properties of geosynthetics, such as fiber diameter for geotextiles, rib thickness for
geogrids, and sheet thickness for geomembranes are also important since weathering

usually affects only a thin surficial thickness of the polymer elements.

ASTM D4355 and ASTM D5208 are testing standards that allow the
evaluation of geosynthetic degradation due to UV light. Koerner (1994) indicates

however, that these tests can be challenged on grounds of technical relevancy because
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of uncertainties associated with the artificial simulation of sunlight by laboratory

lamps.

The photo-oxidation process is well illustrated by several field studies.
Although quite a few studies evaluating the influence of UV degradation have been

performed, the literature review focused on recently published papers.

Tisinger et al. (1993) evaluated a polypropylene nonwoven geotextile exposed
to UV degradation over a period of seven months during the construction of a landfill.
At the end of the observation period, holes ranging from 20 to 200 mm in size had
formed in areas of the geotextile. On average, geotextile samples between the holes
retained 77 percent of their grab strength. The study also attributed some of the

geotextile degradation to heat.

McGown et al. (1995) performed wide width tensile tests and sustained load
(creep) tests on four types of geosynthetics (a woven polypropylene, nonwoven
polypropylene/polyester, and polypropylene and high density polyethylene geogrids)
exposed up to 12 months of natural weathering. The woven polypropylene geotextile
had the worst performance, retaining only 24 percent of its wide width tensile strength
after about 200 days of exposure to the Kuwait sun. The nonwoven
polypropylene/polyester geotextile retained about 73 percent of it wide width strength
in the same time interval. The geogrids were found to have no significant changes in
strength. In a related study, Cazzuffi et al. (1994) found that geogrids and
geomembranes generally sustained less strength and stiffness degradation than

geotextiles when exposed to weathering.

Cassady and Bright (1995) evaluated several polyolefin geosynthetics exposed
to natural weathering over a nine year period. The geotextiles contained various types

and amounts of stabilizing additives. Carbon black, at 2.5 percent by weight, was
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determined to be the most effective means of retarding the deteriorative effects of UV

light.

The uncertainties involved with the synergism of the above described
degradational processes make it difficult to account for multiple degradational issues
in design. In particular, complexities arise when two or more processes are
interactive. For example, a particular chemical or pH level may adversely effect the
structure of a polymer in addition to influencing a certain degradational bio-organism.
Clearly, the synergism of degradational processes is site-specific and would be
difficult to evaluate in the laboratory in many cases. Much research is needed in this

area to understand the synergism of degradational mechanisms.

4.1.9 Similar Studies

Holtz (1996) summarizes a two part study performed by Holtz and Page
(1991) and Metcalfe and Holtz (1994) that evaluates the properties and overall
performance of geotextile separators. Holtz and Page (1991) exhumed geotextile
separators for eight sites in eastern and central Washington, and Metcalfe and Holtz
(1994) exhumed geotextiles from 14 sites in western Washington. The study included
field evaluations and laboratory testing of the geotextiles, base course, and subgrade

soils.

Their study found that all of the geotextile separators adequately performed
their intended function of separation, however, the geotextiles experienced very
different levels of damage during construction. Base course aggregate type appeared
to have to more influence on the level of damage than the initial aggregate lift
thickness. The woven slit-film and nonwoven needle-punched geotextiles survived

the installation conditions reasonably well, the nonwoven heat-bondeds did not
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although they were installed under some of the more severe site survivability
conditions. Testing indicated the permittivity of the slit-film and needle-punched
geotextiles increased by similar percentages'after being washed. The heat-bonded
geotextiles had the highest percentage increases in permittivity, suggesting that they
clog more than other geotextiles. There was evidence that the slit-films experienced
much more blinding than the other geotextiles, and that iron staining and caking may
also have affected their drainage performance adversely. The presence of caked fines
on the upper surface of three slit-films suggested that their pore openings were too
large for the intended filtration function, and they might be subject to fines migration
although evidence on this point was inconclusive. Metcalfe and Holtz (1994)
recommended that WSDOT require a maximum AOS of 0.3 mm for geotextiles used
in separation applications. All of the pavements examined were in good condition,
except one which showed signs of premature failure; however, the failure could not

be attributed to the performance of the geotextile separator.

In addition to the Phase I study (summarized in Section 4.2), Tsai (1995)
conducted a laboratory study evaluating the effect of dynamic loading on the separator
system. The study examined the influence that different geotextiles and subgrade
strengths had on the rut depths and subgi‘ade pore pressures as a function of the
number of loading cycles. The nonwoven geotextiles used were the same
(manufacturer and type) as those used in the Bucoda Test Site, but the woven

geotextile was different.

Tsai found that the rut depth was significantly affected by the aggregate base
thickness, subgrade soil type and strength, and the presence of a geotextile, but not the
geotextile type and weight. The geotextiles were found to perform as well as granular
graded filters, however the granular filters were found to be easily displaced. Peak
pore pressures in the subgrade were found to be influenced by aggregate base

thickness, subgrade soil type and strength, but not by the geotextile type and weight.



23

No significant amount of fines were observed to migrate through the geotextiles as a
result of the dynamic tests. He concluded that geotextiles may not be needed for good

subgrades (CBR>7) and where thick aggregate bases (>300 mm) are used.

4.1.10 Summary of Literature Research

By and large, full scale field studies have found that geotextiles perform
effectively as separators throughout a variety of subgrade soil and construction
conditions. Researchers have come to contradictory conclusions of the ability of
geotextile separators to prevent subgrade fines migration; however, the majority of the
field studies reviewed suggest that geotextiles prevent fines migration in most soil
conditions. Information concerning the consolidation of the subgrade underlying
geotextile separators is very limited. Three field studies noting subgrade
consolidation were found; however the influence geotextiles had on the rate or

magnitude of consolidation was not examined in detail.

Field and laboratory studies indicate that the reinforcement mechanisms of
geosynthetics can significantly improve the performance of a roadway constructed
over a soft soil. Short-term studies performed on soft subgrade soils indicate the
reinforcement function of a geosynthetic appears to dominate the separation function
where relatively thick base courses are used; separation dominates where thinner base
courses are installed. Rather sophisticated numerical models have been developed to
investigate the reinforcement mechanism; however, an existing model evaluating the
effect that the redistribution of stress (due to the presence of a geosynthetic) has on

the consolidation of a soft subgrade could not be found.

Geosynthetics are subject to degradation from a variety of sources. Their

mechanical properties (strength, filtration and drainage characteristics, etc.) can be
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adversely affected by short-term degradation such as installation damage, or long-
term degradation such as thermo-oxidation, hydrolysis, biological, or chemical

degradation.

4.2 Summary of Phase I Research Findings

The Phase I research summary is based on review of Savage (1991), Tsai and Savage
(1992), and Tsai et al. (1993). A copy of the latter reference is included in Appendix
A.

The purpose of the Phase I study was to evaluate and compare the performance of five
different geotextile separators under two different initial base course lift thicknesses
so that constructability and installation requirements could be assessed.
Instrumentation was installed to monitor vertical strains throughout the cross section,
deformations in the geotextiles, and changes of water content and temperature. Rut

depths were measured during trafficking tests.

The following conclusions were made after the field investigations and laboratory

testing was complete:

+ Geotextiles were found to eliminate base/subgrade intermixing if they survived

the installation and placement operations.

+ The presence of geotextiles led to more uniform rut depths, if the geotextiles

survived the installation and placement operations.

+ Rut depth was reduced by geotextiles if the subgrade had a modest shear strength.
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+ Based on visual observations and rut depths, the NP8 geotextile had the best

overall performance in comparison to the other geotextiles used in the study.

+ Strains in the subgrade soil appeared to be reduced by the SF geotextile; however,

some pumping of the subgrade may have influenced the results.

+ The observations indicated that during construction the needle-punched nonwoven
geotextiles allowed unrestricted drainage of the subgrade while the other types
tended to retard drainage. The heavier weight needle-punched nonwoven

geotextiles appeared to enhance drainage.

4.3 Current WSDOT Design Methods

Two sources are presently used by WSDOT for specification and design of geotextile
separators, the WSDOT Design Manual (1994) and the WSDOT 1996 Standard

Specifications for Road, Bridge, and Municipal Construction.

4.3.1 Definitions: Separation and Soil Stabilization Applications

The WSDOT Design Manual and the WSDOT 1996 Standard Specifications
divide the-use of geotextile separators into two applications: separation and soil
stabilization. The primary difference between these applications is the function the
geotextiles are intended to perform. Geotextiles used in separator applications are
intended to function as separators between two dissimilar <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>